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(54) TUMOR VACCINES 

(57) A tumor vaccine which comprises a micropar- 
ticle or a lysate prepared from a solidified tumor material 
selected from the group consisting of a tumor tissue, a 
tumor cell, and a component thereof, and at least one 
cytokine and/or cytokine-inducing agent (e.g., a granu- 



locyte-macrophage-colony stimulating factor and/or in- 
terieukin-2 and the like), and optionally an adjuvant. The 
vaccine can be easily prepared and widely applied for 
prevention of recurrence, inhibition of metastasis and 
therapeutic treatment regardless of a type of a tumor, 
and has excellent antitumor effect. 
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Description 



Technical Field 



5 [0001 ] The present invention relates to a tumor vaccine useful for prevention of recurrence, inhibition of metastasis 
and therapeutic treatment of tumors. 

Background Art 



10 [0002] The tumor vaccine therapy is to activate immune system in vivo, particularly killer lymphocytes that play a 
key role in cellular immune responses, especially cytolytic T lymphocytes (hereinafter abbreviated as "CTL"), to spe- 
cifically kill tumor cells without damaging normal cells, and to expect prevention of recurrence of the tumor, inhibition 
of metastasis, or cure of the established tumor. 

[0003] Various kinds of tumor vaccines have been developed (Pardoll, D.M., Nature Med., 4(5 Suppl), pp.525-531 , 
15 1998). Roughly tumor vaccines can be categorized depending on tumor-specific materials as follows: (1) vaccines 
wherein a tumor antigenic peptide with a known property is used; (2) vaccines wherein a tumor tissue extract containing 
an un-identified tumor antigenic peptide is used; (3) vaccines whereirnhe above peptide is bound to an antigen-pre- 
senting cell, especially a dendritic cell with a strong capability of antigen presentation (Nestle, F.O., et al., Nature Med., 
4, pp.328-332, 1998); (4) vaccines wherein a tumor antigenic protein is taken into a dendritic cell and loaded; (5) 
20 vaccines wherein a dendritic cell and a tumor cell are fused; (6) vaccines wherein a tumor antigen is bound to a liposome 
for uptake together with the liposome (Nakanishi, T, et al., Biochem. Biophys. Res. Comm., 240, pp.793-797, 1997); 

(7) vaccines wherein a tumor cell, per se, is treated for inactivation with radiation or a fixing agent before administration; 

(8) vaccines wherein a cytokine gene, having an antigen-presenting cell stimulating effect or a lymphocyte stimulating 
effect, is introduced into a tumor cell and the cell is administered as a vaccine for a gene therapy, or wherein a tumor 

25 antigenic gene is introduced into a suitable cell and a tumor cell expressing the gene is administered as a vaccine; (9) 
vaccines wherein a tumor antigenic gene is integrated into a virus or a bacterium for infection of a patient; (10) vaccines 
wherein a live tumor cell, a tumor antigenic peptide or an extract of a tumor cell is administered, and separately a great 
amount of a cytokine is administered (Rosenberg, S. A., et al., Nature Med., 4, pp.321 -327, 1 998), or wherein a cytokine 
is formulated into a controlled release preparation and administered (Golumbek, P. T., et al., Cancer Res., 53, pp. 

30 5841-5844, 1993) and the like. 

[0004] However, any of the above tumor vaccines is advantageous from some aspects while disadvantageous from 
other points of view. For example, Method (1) can only be applied to tumors which express a specific major histocom- 
patibility complex (hereinafter abbreviated as "MHC", and for Class I referred to as "MHC-I* and for Class II as "MHC- 
II") that meets to an identified tumor antigenic peptide. The human MHC is highly diverse, and consequently, clinical 

35 cases are very limited in which those tumor antigenic peptides can meet the MHC. To overcome the problem, Method 
(2) using a tumor tissue extract containing an unidentified tumor antigenic peptide has been developed. However, only 
a trace amount of the tumor antigenic peptide can be extracted from tumor tissues, and it is often impossible to con- 
centrate the extract when the amount of the tumor as a raw material is small. Therefore, the extract cannot be admin- 
istered in a large amount such as identified and synthesized tumor antigen peptides, and effects are limited. 

40 [0005] Where a tumor antigenic peptide is bound to an antigen-presenting cell beforehand, such as in Method (3), 
a high CTL activating effect is obtained. However, peripheral blood or bone marrow for isolation and preparation of the 
antigen-presenting cell, especially a dendritic cell having strong antigen presenting capability, should be derived from 
the patient who bears the tumor and is to be applied with the tumor vaccine therapy to prevent dangerous graft-versus- 
host-disease (hereinafter abbreviated to "GVHD"), which requires a highly skilled technique and is complicated. Meth- 

*5 ods (4) and (5) have the same problem as that of Method (3), and in addition, a fusion process is very complicated in 
Method (5). Although there is no concern about the risk of GVHD in Method (6), an efficiency of the introduction of the 
tumor antigen into the antigen-presenting cell is sometimes not successfully high, and a relatively great amount of the 
tumor antigen is required to prepare the tumor vaccine. 

[0006] Method (7) is also complicated and costly because the tumor cells are obtained by mass culture, and moreover, 
so the method has a problem in that the amount of the tumor antigen contained in the tumor cells per se is very small. 
This method is known to be successful in tumor cells with high antigenicity when treatment with poty(L-lysine) is applied 
(Naito, M. and Seno, S., Cell Biol. International Rep., 5, pp.675-681, 1981). However, the method remains unsuccessful 
in tumor cells with low antigenicity. Genetic therapies of Methods (8) and (9) are extraordinarily complicated in proce- 
dures to obtain approval for the treatment, as well as in therapeutic operations. Method (10) is promising at present; 
55 however, especially in the method of Rosenberg et al., a huge amount of interieukin-2 simultaneously administered 
causes a severe side effect, and clinical results for tumors treatment are sometimes not satisfactory. Even when cy- 
tokines are formulated as controlled release preparations by the method of Golumbek et al., a complication still remains 
in preparation of X-ray-irradiated live tumor cells. 
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[0007] The tumor vaccine is desirably provided in a form that can be handled as easily as possible. From this point 
of view, methods involving administration of live tumor cells or antigen-presenting cells as a part of a tumor vaccine 
have problems in that they are technically very complicated as operations under a live state are required. The operations 
are further complicated for a genetic therapy. When tumor antigenic peptides are known, the peptides can be synthe- 

s sized in large quantities for administration. However, there are a large variety of tumor antigenic peptides, and addi- 
tionally, due to restriction from MHC molecules of a patient individual, it often cannot be appropriately determine which 
of tumor antigenic peptides is applicable to the patient individual, which may limit the application. When a tumor anti- 
genic protein is used instead of the tumor antigenic peptide, the protein is processed in the antigen-presenting cells 
and then a tumor antjgenijMpptide that meets the MHC is selected. Accordingly, the method is not restricted by the 

10 MHC of a patient individual to be treated. However, this method has a problem in that purification and large-scale 
preparation of the tumor antigenic protein, per se, is difficult. 

[0008] As a method for inducing CTL, a method is known in which CTL is induced from peripheral blood mononuclear 
cells on a fixed tumor tissue obtained by removing paraffin from pathological sections (Liu, S.Q. et al., Nature Med., 
2, pp.1 283-1283, 1996). Generally, when an antigenic protein in a soluble state is provided to antigen-presenting cells, 

15 the protein has a high stimulating, effect on liquid immunity that links to production of antibodies by binding antigenic 
proteins-derived antigen peptides to MHC-II, whereas the protein has &Jow stimulating effect on cellular immunity that 
activates killer cells by binding antigenic proteins-derived antigen pepfbes to MHC-I. Falo et al. conducted induction 
of CTL that react to ovalbumin-derived antigenic peptides by binding ovalbumin as a foreign protein with strong anti- 
genicity to iron powder and administering the product to mice without addition of an adjuvant (Falo, Jr., L.D., et al., 

20 Nat. Med., 1, pp.649-653, 1995). 

[0009] The inventors of the present invention found that CTL can be induced efficiently from peripheral blood lym- 
phocytes of the same individual by fixing soluble tumor antigenic proteins on fine polystyrene beads and subjected the 
product as fine solids to phagocytosis by antigen-presenting cells in human peripheral blood mononuclear cells in a 
cell culture system in vitro (Kim, C, et al., Cancer Immunol. Immunother., 47, pp.90-96, 1998). It is also known that 

25 dead cell-derived antigens can efficiently induce immune responses thousands folds stronger when the antigens are 
phagocytosed in the state of dead cells by immature dendritic cells than when the antigens are not phagocytosed 
(Inaba, et al., Lecture SI-3-3, Japanese Immunology Society, Dec. 2, 1998). 

Disclosure of the Invention 

30 

[0010] An object of the present invention is to provide a tumor vaccine which can be simply handled, generally applied 
for prevention of tumor recurrence, inhibition of metastasis and therapeutic treatment, regardless of a type of a tumor, 
and also has a strong antitumor effect. 

[001 1 ] The inventors of the present invention conducted intensive studies to achieve the foregoing object. As a result, 

35 they found that the prevention of tumor recurrence, inhibition of metastasis, and therapeutic treatment can be achieved 
with high efficiency by using a material solidified from tumor tissues, tumor cells, or components thereof by a fixation 
operation, and processing the material into microparticles in a size that can be phagocytosed by antigen-presenting 
cells, or lysing the material by a lysation operation, and then using the resulting product as a tumor vaccine in combi- 
nation with at least one kind of cytokines. 

40 [0012] The present invention thus provides a tumor vaccine which comprises microparticles prepared from a solidified 
tumor material selected from the group consisting of tumor tissues, tumor cells and components thereof, and at least 
one kind of cytokines and/or cytokine-inducing agents; and a tumor vaccine which comprises a lysate prepared from 
a solidified tumor material selected from the group consisting of tumor tissues, tumor cells and components thereof, 
and at least one kind of cytokines and/or cytokine-inducing agents.. 

45 [0013] According to preferred embodiments of the present invention, provided are the aforementioned tumor vaccine 
which further contains an adjuvant unspecifically inducing immune responses; the aforementioned tumor vaccine for 
administration to an identical site in vivo; the aforementioned tumor vaccine which contains a cytokine-controlled re- 
lease preparation as the cytokine; and the aforementioned tumor vaccine which contains a granulocyte-macrophage- 
colony stimulating factor and/or interleukin-2 as the cytokine. From another aspect, there is provided a tumor vaccine 

so for using in combination with at least one kind of cytokines which contains, as an active ingredient, microparticles 
prepared from a solidified tumor material selected from the group consisting of tumor tissues, tumor cells and compo- 
nents thereof, or a lysate prepared from the tumor material. 

[0014] From still other aspects, there are provided a method of therapeutic treatment of, prevention of recurrence 
of, and inhibition of metastasis of a tumor which comprises the step of administering an effective amount of micropar- 
55 tides prepared from a solidified tumor material selected from the group consisting of tumor tissues, tumor cells and 
components thereof, and at least one kind of cytokines and/or cytokine-inducing agents; a method which comprises 
the step of administering an effective amounts of a lysate prepared from a solidified tumor material selected from the 
group consisting of tumor tissues, tumor cells and components thereof, and at least one kind of cytokines and/or 
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cytokine-inducing agents; the aforementioned methods in which the administration is repeatedly made an identical 
site; and a use of the microparticles or the lysate prepared from the aforementioned solidified tumor material for the 
manufacture of the aforementioned tumor vaccines. 

[0015] For the accomplishment of the present invention, the inventors of the present invention received a fund from 
s the Government of the United States, and accordingly, the Government of the United States has a right concerning 
the present invention. 

Brief Description of the Drawings 

w [0016] 

Fig. 1 shows the CTL activity induced by in vitro sensitization using the tumor vaccine of the present invention. In 
the figure, % Lysis of the vertical axis shows the killing activity by CTL against the target cells, and E/T ratio of the 
horizontal axis shows the ratio of the CTL number and the target cell number at the killing activity measurement 
15 by the 4 hour Cr-51 release method. □ shows C16-F1 0; A Hepa 1-6; and ▲ Lewis lung carcinoma. 

Fig. 2 shows the result of the in vivo sensitization experiment wj*Ji the tumor vaccine prepared by using soluble 
fixed tumor cells in Example 4. In the figure, O shows the PBS control group; Dthe group administered once with 
the tumor vaccine; and Hthe group administered 3 times with the tumor vaccine. 

Fig. 3 shows the result of investigation of the cell killing activity by varying the ratio of the cultured lymphocytes 
20 and the target tumor cells (E/T ratio). In the figure, • shows the PBS control group; ■ the group administered with 

the tumor vaccine; and □ another control group (the group administered with live B16-F 10 cells previously irradiated 
by 50 Gy of X-ray + GM-CSF microspheres). 

Fig. 4 shows the result of the cell killing activity of each kind of tumor vaccines used in Example 6. In the figure, 
• shows the group administered with PBS; Othe group administered with HA-A20 cells; Dthe group administered 
25 with the tumor vaccine without being mixed with the GM-CSF microspheres; A the group administered with live 

GM-CSF-HA-A20 cells irradiated beforehand with 50 Gy of X-ray; and A the group administered with the tumor 
vaccine mixed with GM-CSF microspheres. 

Fig. 5 shows the result of inhibition of cell killing activity of the tumor vaccine of the present invention by a mono- 
clonal antibody against mouse CD8. 

30 

Best Mode for Carrying out the Invention 

[0017] The tumor vaccine of the present invention is characterized to comprise microparticles or a lysate prepared 
from a solidified tumor material selected from the group consisting of tumor tissues, tumor cells and components thereof 

35 as a tumor antigen, and further containing at least one kind of cytokines and/or cytokine-inducing agents. 

[0018] As the tumor cells or tumor tissues, for example, those derived from a mammal, preferably those derived from 
a human, can be used. Those from any species of organisms may be used so far that the cells or tissues contain a 
tumor antigen of a tumor to be therapeutically or preventively treated. The types of the tumor tissues are not particularly 
limited so far that they contain tumor cells. When components of tumor ceils or tumor tissues. are used, the types of 

40 the components are not limited so far that they contain a substance as potential tumor antigen. Fresh specimens such 
as solid cancer tissues, bone marrow, and white blood ceils which contain cancer ceils isolated or collected from the 
living body can be used as tumor materials. As the component of tumor tissues or tumor cells, for example, antigenic 
peptides or antigenic proteins can be used. 

[0019] The fixation method to prepare the solidified tumor material is not particularly limited, and any means available 
45 to those skilled in the art may be applied. For example, when a tissue fixing agent is used, neutral formalin, glutaral- 
dehyde, an alcohol such as methanol and ethanol and the like can be used. Besides the aforementioned methods, 
any method may be used so far that fresh tissues or cells or components thereof can be solidified. Tumor materials 
may be solidified by a method such as paraffin embedding, freezing and the like. When tissues originally in a solid 
state such as bone tissues are used as the solidified tumor material, it is preferably to apply an appropriate fixation 
50 method. 

[0020] The preparation method of microparticles is not particularly limited, and applicable methods include, for ex- 
ample, a method of grinding the solidified tumor tissues to prepare microparticles of fine fragments, as well as a method 
of lysing ground fragments of tumor tissues or tumor cells to fix the lysate to solid microparticles, a method of fixing 
soluble tumor antigens such as antigenic peptides and antigenic proteins to solid microparticles and the like. As the 
55 solid microparticles, for example, iron powder, carbon powder, polystyrene beads and the like from about 0.05 to 1 ,000 
u. m in diameter can be used. Usable microparticles include ground tissue fragments, tumor cells or soluble tumor 
antigens bound to lipid particles such as liposomes so as to be recognized as microparticles by the antigen-presenting 
cells to allow phagocytosis, or a microparticles obtained by binding soluble tumor antigens, per se, to each other by 
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using a binder or a crossiinking agent. 

[0021] Sizes of microparticles are not especially limited, however, a size that allows phagocytosis by cells with phago- 
cytic ability in vivo is desirable. It is not necessary to grind fixed tumor cells that are originally in a state of small single 
cells. However, it is desirable to apply grinding or dispersing treatment when the cells aggregate during the fixation 

5 operation. For the grinding or dispersing treatment, treatment with a homogenizer, ultrasonic treatment, partial digestion 
with a digestive enzyme and the like can be used. The microparticles can also be prepared by passing through a screen 
having a pore size of not more than 1 , 000 u. m, preferably not more than 380 u m. The preparation of these microparticles 
is well known to those skilled in the art, and the skilled artisan can prepare the microparticles by a single appropriate 
method or a combina^pn rrMural methods. 

10 [0022] As a method to prepare the lysate from solidified tumor materials, for example, a method using a proteolytic 
enzyme can be applied. An example of the proteolytic enzyme includes proteinase K. A method employing an appro- 
priate combination of an enzyme other than the proteolytic enzyme, an acid, an alkali and the like may also be utilized. 
Any method that can achieve lysis of the solidified tumor material may be employed, and those skilled in the art can 
choose an appropriate method. The lysate may be fixed to the solid microparticles mentioned above. 

15 [0023] The term "lysate" used in the specification means a state of dispersion of the solidified tumor material in an 
aqueous medium such as water, physiological saline, and a buffer solution to an extent that any solid mass cannot be 
observed with naked eyes, and to an extent that the dispersoids can be-phagocytosed by the antigen-presenting cells. 
However, the term should not be construed in any limiting way. The details of the preparations of the fixed tumor 
materials, the preparations of the microparticles, and the preparations of lysates are specifically described in the ex- 

20 amples of the present specification. Accordingly, those skilled in the art can prepare the desired microparticles or the 
lysates by referring to the above general explanations and specific explanations in the examples, and appropriately 
modifying or altering those methods, if necessary. 

[0024] The type of cytokines contained in the tumor vaccine of the present invention is not especially limited, and 
one or more kinds of cytokines can be used. For example, granulocyte-macrophage-colony-stimulating factor (here- 

25 inafter abbreviated as "GM-CSF"), or interieukin-2 (hereinafter abbreviated as "IL-2") may preferably be used, and a 
combination of GM-CSF and IL-2 may also preferably be used. In addition, other cytokines or cytokine-inducing agents 
can be used which stimulate the local immune cells in vivo, and consequently achieve the same conditions as those 
achieved by GM-CSF and/or IL-2 administration. As cytokines or cytokine-inducing agents besides these two kinds of 
cytokines, examples include interieukin-12 t interieukin-18, interferon category and the like. However, cytokines or cy- 

30 tokine-inducing agents are not limited to these examples. 

[0025] These cytokines or inducing agents may preferably be prepared as controlled-release preparations so that 
concentrations at sites received administration can be kept at a high level as long as possible. Such means for preparing 
controlled-release preparations is, for example, reported by Golumbek et al (Golumbek, P. T., et al., Cancer Res., 53, 
pp.5841 -5844, 1993). Various methods for preparation of controlled release preparations are known in the field of the 

35 art, and any method can be applied. 

[0026] The tumor vaccine of the present invention may contain an adjuvant that induces non-specific immune re- 
sponses. The adjuvant can be used alone or in combination of two or more kinds. As the adjuvant, examples include 
Freund complete adjuvant, Freund incomplete adjuvant, bacterial preparations such as BCG, bacterial component 
preparations such as tuberculin, natural macromolecular substances such as keyhole limpet hemocyanine and yeast 

40 mannan, Alum, synthetic adjuvant preparations such as Titer Max Gold and the like. However, the adjuvants are not 
limited to these specific examples, and any substances may be used so far that they are effective as adjuvants. Whether 
an adjuvant should be used or not can be judged by intensity of inflammatory reaction at a site of administration or 
intensity of antitumor effect induced as a result of the administration as a standard. For example, alternate adminis- 
trations of the tumor vaccine containing an adjuvant and the vaccine without adjuvant can be applied to the same site. 

45 [0027] Forms of preparation of the tumor vaccine of the present invention are not particularly limited, and desirably, 
the forms of preparation may be suitable for local administration. The methods for manufacturing pharmaceutical prep- 
arations are not particularly limited, and a preparation in a desired form can be prepared by applying a single method 
available in the field of the art or methods in an appropriate combination. For the manufacture of pharmaceutical prep- 
arations, aqueous media such as distilled water for injection and physiological saline, as well as one or more kinds of 

50 pharmaceutical additives available in the field of the art can be used. For example, buffering agents, pH adjusting 
agents, solubilizing aids, stabilizing agents, soothing agents, antiseptics and the like can be used, and specific ingre- 
dients thereof are well known to those skilled in the art. The tumor vaccine can also be prepared as a solid preparation 
such as a lyophilized preparation, and then prepared as an injection by adding a solubilizing agent such as distilled 
water for injection before use. 

55 [0028] When vaccine therapy is carried out using the tumor vaccine of the present invention, the tumor vaccine may 
be administered only once. However, it is desirable to repeat the administration to the same site of a body to achieve 
coexistence of a tumor antigen and a cytokine or a cytokine-inducing agent as long as possible. For example, both 
components may preferably coexist for 3 hours or more so that inflammatory reaction at the site of administration can 
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be induced and conditions can be achieved wherein immune cells are concentrated and cells are kept at the site. When 
a tumor vaccine without adjuvant is administered, an adjuvant may be administered to the same site. Generally, the 
tumor vaccine can be administered to a patient from which the tumor material is derived; however, the vaccine can 
also be administered to a patient bearing a tumor that contains, from a viewpoint of pathological diagnosis, the same 

5 or relative species of a tumor antigen as that contained in the tumor material. 

[0029] The site to be administered is not particularly limited. Preferred sites include those where cytokines are hardly 
be diffused and disappeared, for example, intradermal, subcutaneous or intramuscular sites, in lymphnodes, and in a 
main organ such as spleen. However, by choosing a dosage form which prevents ready diffusion of the active ingre- 
dients of the tumor vaccine^cal administrations may sometimes be performable to any site of a body, or by applying 

10 a drug delivery system^ the systemic administration may sometimes be possible. The dose and administration period 
of the tumor vaccine of the present invention are not particularly limited. It is desirable to determine an appropriate 
dose and administration period by observing effects of the vaccine therapy. The administration can be made, for ex- 
ample, by injections and the like. 

15 Examples 

[0030] The present invention will be explained more specifically withQeference to the examples. However, the scope 
of the present invention is not limited to the following examples. 

20 Example 1 : The action of tumor vaccine of the present invention 

[0031] Using syngeneic transplanted mouse hepatoma with well-known low antigenicity (Guo, Y. J., et al., Nat. Med. 
3:451-5, 1997) as the target, the tumor vaccine of the combination of fixed tumor cells as tumor antigens. GM-CSF, 
IL-2 and an adjuvant was investigated to see whether or not the vaccine inhibited the hepatoma formation. 

25 

[Method] 

1 . Fixed tumor cells 

30 [0032] Hepatoma cells Hepa 1-6 developed in C57BL/6 (obtained from The Cell Bank of The Institute of Physical 
and Chemical Research) were cultured and fixed with 3% paraformaldehyde in Dalbecco's phosphate buffered saline 
(hereinafter abbreviated as "PBS") for 2 hours. The fixed cells were washed once with 70% alcohol for sterilization and 
aseptically washed four times with PBS, then added with the Dulbecco's minimum essential medium (hereinafter ab- 
breviated as "DMEM") containing 10% fetal bovine serum, and incubated in a carbon dioxide gas incubator at 37°C 

35 for 2 days. After the medium was removed, the cell layer was added with an aqueous solution of poly-L-lysine (50 \i 
g/ml), allowed to stand at room temperature for 2 hours, and then washed four times with PBS. Then, the cells were 
collected with a scraper and diluted with PBS to 1 .25 x 1 0 8 cells/ml. Any of the fixed Hepa 1 -6 cells had a size of 1 00 
\x m or (ess which enabled phagocytosis by antigen-presenting cells with phagocytic ability. 

40 2. Preparation of cytokine microspheres 

[0033] As a cytokine to be prepared into microspheres, mouse GM-CSF or human IL-2 (both Immunex) was used. 
A human serum albumin injection solution (25% concentration, Albuminar-25, Centeori L.L.C., Illinois, USA) was diluted 
with water distilled twice to 5%, and adjusted to pH 3.0 with hydrochloric acid. The solution was further diluted to 2.5%, 

« and then passed through a filter having the pore size of 0.22 u, m for sterilization. To a 5 ml centrifugation tube, 100 n 
g of GM-CSF or 10 6 IU of IL-2 was added, then 1 ml of a heparin solution for injection (commercially available for 
hospital, 1,000 U/ml, Elkins-SINN, Inc., NJ, USA) was placed, and 1 ml of the aforementioned 2.5% human serum 
albumin injection solution (pH 3.0) was added with stirring by a voltex mixer. After the stirring was continued for 30 
seconds or more, the formed microparticles were recovered by centrifugation. The encapsulation efficiency was cal- 

50 culated from the supernatant. 

[0034] The pellets of microparticles were suspended in 2 ml of water distilled twice, and added with a solution of 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (hereinafter abbreviated as "EDC") at a concentration of 20 mg/ml, 
which was passed beforehand through a filter having the pore size of 0.22 u. m for sterilization, to adjust the concen- 
tration to 0.8 mg/ml. The mixture was stored at 25°C for 15 minutes, and added with 2 ml of aseptic 0.1 M glycine 

55 solution. After the solution was stored at 25°C for 30 minutes, the resulting suspension generating stable microspheres 
was centrifuged by a horizontal rotor having the radius of 12 cm at 2,000 rpm for 10 minutes to precipitate and collect 
the microspheres. The microspheres were washed 6 times in total by repeating the operations of adding with an ap- 
propriate amount of twice-distilled water, suspending, and centrifuging. Then the microparticles were suspended in 
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physiological saline so as to contain 1 \i g of GM-CSF (corresponding to 10 6 IU) or 10 3 IU of IL-2 in 20 \i I of the 
suspension. 

3. Determination of sensitization and tumor rejection reaction 

5 

[0035] The fixed Hepa 1-6 cells prepared in the above Experiment 1, the GM-CSF microspheres and IL-2 micro- 
spheres prepared in the above Experiment 2, and Titer Max Gold (CytRX, Atlanta, Norcross, GA) commercially available 
as an adjuvant were mixed to give a tumor vaccine. Each amount was 1 .25 x 10 6 cells, 10 6 U, 10 3 IU, and 20 u. I in 
order based on 0.5 mkof trffifemor vaccine. Tumor vaccines having different combinations of these constituting prep- 

10 arations were also prepared. The combinations are described in Tables 1, 2 and 3. 

[0036] The tumor vaccine was intradermal^ injected to the root of the tail of each male C57BL/6 mice of 6 to 8 weeks 
old which were syngeneic to Hepa 1-6 cells in an amount of 0.05 ml per mouse. One group consisted of 5 mice. The 
control group of 5 male C57BL76 mice was injected with 0.05 ml of PBS. After 7 days, this administration was made 
once again to the same site, and after another 7 days, 10 7 cultured live Hepa 1-6 cells suspended in 0.05 mi of PBS 

15 were directly injected to the liver (subcapsule of the maximum hepatic lobule). After 21 days, the size of the formed 
hepatoma tissue was measured to calculate the volume. ^ 

[Results] 

20 [0037] As shown in Table 1 , all the mice in the control group formed hepatoma, and the mean volume of the cancer 
tissue was 270 mm 3 . Whilst no tumor was observed in 4 mice in 5 in the group treated with the tumor vaccine containing 
the fixed Hepa 1-6 cells, Titer Max Gold of the adjuvant, the IL-2 microspheres and the GM-CSF microspheres (rep- 
resented as the ratio of tumor-free mice in the table), and one mouse in which hepatoma was observed formed a small 
tumor of only 18 mm 3 . The effects of the vaccine therapy for the tumor were clearly demonstrated. 
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Table 1 





Sensitization 


Ratio of tumor-free mice 


Tumor volume (mm 3 ) 


30 






(Mean ± 
SD) 


Range 




Control group 










(A)PBS 


0/5 


270±146 


140-480 




Treated group 








35 


(B) Fixed Hepa 1-6 cells + Titer Max Gold + IL-2/GM-CSF 
microspheres 


4/5 


3.6±8 


0-18 


40 


[0038] To judge the importance of the combination of the constituting components of the tumor vaccine, the tumor 
vaccine components were varied in the treated groups. The results are shown in Table 2. A similar results to those in 
Table 1 were obtained in the control group (A) and the treated group (E), which shows reproducibility. 




Table 2 










Sensitization 


Ratio of tumor-free mice 


Tumor volume (mm 3 ) 


45 






(Mean ± 
SD) 


Range 




Control group 








50 


(A) PBS 


0/5 


4201326 


144-910 


Treated group 








55 


(B) PBS + Fixed Hepa 1-6 cells + Titer Max Gold 

(C) PBS + Fixed Hepa 1-6 cells + Titer Max Gold + IL-2 
microspheres 

(D) PBS + Fixed Hepa 1-6 cells + Titer Max Gold + GM-CSF 
microspheres 


0/5 
0/5 

2/5 


152±106 
67±97 

32±43 


75-294 
18-240 

0-105 
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Table 2 (continued) 



Sensitization 


Ratio of tumor-free mice 


Tumor volume (mm 3 ) 


Treated group 








(E) Fixed Hepa 1-6 cells + Titer Max Gold + IL-2/GM-CSF 
microspheres 


4/5 


3.6±8 


0-18 



[0039] In this table, the mice were sensitized with the tumor vaccine containing only the fixed Hepa 1-6 cells and the 
adjuvant Titer Max GcHd irIKe treated group (B), and no tumor-free mouse was observed in the group. Accordingly, 
the importance of the cytokine to be used in combination was clearly demonstrated. In the treated group (C), the tumor 
vaccine containing only the IL-2 microspheres in addition to the fixed Hepa 1-6 cells and the adjuvant Titer Max Gold 
was used. Similarly, no tumor-free mouse was observed. However, the size of developed tumors was apparently small 
on the whole, and the mean tumor volume was 67 mm 3 , which was only 1/6 of those developed in the treated group 
(A). Accordingly, the importance of the IL-2 microspheres was demonstrated. In the treated group (D), the tumor vaccine 
containing only the GM-CSF microspheres in addition to the fixed Hepa 1-6 cells and the adjuvant Titer Max Gold was 
used, which gave two tumor-free mice. Accordingly, the importance o^ie GM-CSF microspheres was demonstrated. 
However, the number of tumor-free mice was only half of that in the treated group (E), and the result was inferior to 
the treated group (E). From these results, it was revealed that the combination of the cytokines of IL-2 and GM-CSF 
was most important. 

[0040] Moreover, in order to investigate the necessity of the fixed tumor cells as tumor antigens and calculate the 
effects of adjuvants, a tumor vaccine without the fixed tumor cells, or a tumor vaccine without adjuvant was prepared, 
and effects were compared. The results are shown in Table 3. 



Table 3 



Sensitization 


Ratio of tumor-free mice 


Tumor volume (mm 3 ) 






(Mean ± 


Range 






SD) ; 




Control group 








(A)PBS 


0/5 


2311146 


120-480 


Treated group 








(B)PBS + Titer Max Gold 


0/5 


1741149 


60-432 


(C) PBS + Titer Max Gold + IL-2/GM-CSF microspheres 


0/5 


3001258 


60-648 


(D) PBS + IL-2/GM-CSF microspheres 


0/5 


2101170 


60-480 


(E) PBS + Fixed Hepa 1-6 cells 


1/5 


85178 


0-210 


(F) PBS + Fixed Hepa 1-6 cells + Titer Max Gold 


1/5 


78158 


0-150 


(G) Fixed Hepa 1-6 cells + Titer Max Gold + IL-2/GM-CSF 


5/5 


0 


0 


microspheres 








(H) PBS + Fixed Hepa 1-6 cells + IL-2/GM-CSF microspheres 


. 4/5 


7116 


0-36 



[0041 ] The control group (A) and the treated group (G), which were the same as those in Table 1 , gave similar results 
45 to those shown in Table 1 . However, all the five mice in the treated group (G) were tumor-free. In the treated group (C) 
in which the mice were treated with the tumor vaccine without the fixed Hepa 1-6 cells but, as in the treated group (G), 
containing the IL-2 microspheres, the GM-CSF microspheres and the adjuvant Titer Max Gold, development of large 
hepatoma (average 300 mm 3 ) was observed in all the mice. From these results, it was revealed that tumor antigens 
of solid microparticles are extremely important. In fact, as shown in the treated group (E), one mouse was tumor-free 
50 even by using the tumor vaccine obtained by adding only fixed Hepa 1-6 cells to PBS. in contrast, in the treated group 
(H) using the tumor vaccine containing the fixed Hepa 1-6 cells, the IL-2 microspheres and the GM-CSF microspheres 
but without the adjuvant Titer Max Gold, 4/5 mice were tumor-free. However, one mouse developed a small but clear 
hepatoma of 36 mm 3 . Accordingly, it was revealed that the effect of an adjuvant which induces unspecific immune 
responses was worth being considered. 
55 [0042] From these results, it was concluded that, as a tumor vaccine to suppress cancer tissue formation of mouse 
hepatoma by Hepa 1-6 cells, the combination of the fixed Hepa 1-6 cells, the IL-2 microspheres, the GM-CSF micro- 
spheres and the adjuvant Titer Max Gold was most effective to exhibit the antitumor effect. 
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Example 2: Method for preparation of microparticulate tumor antigens from fixed tumor tissues 
[0043] Fixed tumor tissues containing fixed tumor cells were ground to prepare fine solidified tumor antigens. 
5 [Method] 

[0044] The Hepa 1 -6 cells used for the mice in the control group (A) in Example 1 were subcutaneously transplanted 
in the same amount to the mouse thigh, and the developed hepatoma tissue was isolated after 3 weeks and fixed by 
soaking in a commer^allyjpailable neutral formalin solution at room temperature for 3 days. The tissue was taken 

10 out, cut with ophthalmic scissors into a fine mince having the diameter of about 1 mm, added with PBS in 10 times 
amount of the original hepatoma wet weight, and homogenized with ice cooling by a homogenizer (Heidorf Co., DIAX- 
600, 6G Generator shaft) for 30 seconds. The homogenization was repeated 5 times with intervals of 3 minutes or 
more for ice cooling. 1 .2 ml of the homogenate was placed in a 1 .5 m Eppendorf centrifugation tube, and centrifuged 
by an Eppendorf high performance microcentrifugator at 15,000 rpm for 3 minutes, and the packed volume was meas- 

15 ured. The measurement was carried out by comparing a 1 .5 ml Eppendorf centrifugation tube filled with 50 u. I or more 
of water. The residual homogenate was centrifuged by a horizontal r$»sr having the radius of 12 cm at 2,000 rpm for 
10 minutes to obtain the precipitate. 

[0045] This precipitate was suspended in 5 ml of 70% alcohol for washing, centrifuged at 2,000 rpm for 1 0 minutes 
to remove the supernatant, and suspended again in PBS of the original volume. The suspension was passed through 
20 a stainless screen of 40 mesh (Sigma, S0770, pore size 380 u. m). 1 .2 ml of the passed suspension was placed in a 
1.5 ml Eppendorf centrifugation tube and centrifuged by a high performance microcentifugator at 15,000 rpm for 3 
minutes, and the packed volume was measured. The measurement was carried out by comparing a 1.5 ml Eppendorf 
centrifugation tube filled with a given amount of water. 

25 [Results] 

[0046] The tissue fragments in the homogenate obtained from the fixed hepatoma tissues were very fine so as to 
easily pass a fine injection needle of the common 22G standard or less after the pass through the aforementioned 
mesh. The number of the recovered cells was unknown; however, the recovered packed volume was apparently over 
30 the volume corresponding to 10 7 live Hepa 1-6 cells by visual observation, and the recovery measured by the packed 
volume before and after the pass of the aforementioned mesh was 78%. The homogenate contains solidified tumor 
cell fragments in a sufficient amount that is required by a tumor vaccine, and accordingly, the homogenate can be used 
as microparticulate tumor antigen. 

35 Example 3: Antitumor effect of CTL induced in vitro 

[0047] The tumor cell killing activity and the specificity were investigated when CTL was induced using fixed tumor 
cells as a target. 

40 [Method] 

1. Fixed tumor cells 

[0048] 10 8 to 10 9 cells of substrains B16-F10 of melanoma cell B16 developed by C57BU6 mice (obtained from 
45 American Type Culture Collection, Bethesda, MA, USA) were soaked in 10% formalin solution and fixed at 4°C for 2 
to 4 weeks. The resultant was suspended in 30 ml of 70% ethanol, washed by centrifugation, and further suspended 
in PBS and washed by centrifugation 3 times. The resultant was suspended in an appropriate amount of the MEM 
medium for cell culture containing 10% fetal bovine serum, and warmed to 37°C for 2 to 3 days or to 60°C for 4 hours. 
Then the resulting cells were recovered by centrifugation (hereinafter the cells subjected to this treatment are referred 
50 to as "fixed B16-F10 cells") and suspended to adjust to 5 x 10 8 cells/ml. 

2. Determination of antitumor effect by in vitro sensitization and tumor cell killing activity 

[0049] From the spleen of C57BL76 mice without any sensitization, spleen cells were obtained by lightly crushing 
55 the tissues in the manner well known to those skilled in the art. Most of them are lymphocytes. 4 x 10 7 cells of them 
were taken and proliferated by culturing together with 2 x 10 6 fixed B16-F10 cells in the RPMI-1640 medium containing 
10% fetal bovine serum added with human IL-1 p (167 U/ml), human IL-2 (67 lU/ml) and human IL-6 (134 U/ml) (lm- 
munex, respectively) for 10 days. The entire culture solution was changed at the 3rd and 5th day after the start of the 
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culture, and then the half of the solution was changed every 3 days. The lymphocytes proliferated in this way were 
used as CTL. 

[0050] For the determination of the antitumor effect, tumor eel! killing activity of CTL was measured in vitro. The cell 
killing activity was measured by the 4 hour Cr-51 release method widely known as a standard measuring method using 
5 live B16-F10 cells without irradiation as the target cells. In addition, Hepa 1-6 cells described in Example 1 and Lewis 
lung carcinoma cells obtained from America Type Culture Collection (Bethesda, MA, USA) were used in place of the 
B16-F10 cells as the target cells for comparison. 

[Results] 

10 

[0051] Fig. 1 shows the CTL activity induced by the vitro sensitization. %Lysis of the vertical axis represents the 
killing activity of the target cells by CTL, and EJT ratio of the horizontal axis is the ratio of the CTL number and the 
target cell number at the killing activity measurement by the 4 hour Cr-51 release method. When the B16-F10 cells 
were used as the target (□), E/T ratio was 10 and about 20% was killed. This activity was apparently higher than those 
is when other two kinds of the tumor cells derived from the same C37BL/6 mouse were used as targets. These results 
suggest that the CTL induced against the fixed B1 6-F10 cells has abygy to recognize and kill live B16-F10 cells more 
specifically than the other two kinds of tumor cells, although the CTL is*derived from the same C57BL6 mouse. 

Example 4: Method for preparation of microparticulate tumor antigens from solubilized fixed-tumor cells and in vivo 
20 antitumor effect thereof 

[0052] When a pathological section is used as a material, an yield may sometimes be poor in preparation of micro- 
particles according to the method shown in Example 2, and as a result, preparation of tumor vaccines may sometimes 
be difficult. In such cases, tumor vaccines can be prepared by lysing fixed tumor cells with a digestive enzyme and 
25 formulated as a microsphere preparation, and then combining the resultant with another microsphere preparation of 
a cytokine. 

[Method] 

30 1 . Method for preparation of solubilized fixed-tumor microspheres and method for preparation of tumor vaccine 
preparations 

[0053] The fixed B16-F10 cells were suspended in PBS to adjust to 5 x 10 8 cells/ml. The suspension was added 
with pronase K (Sigma) to adjust to 1 mg/ml, and warmed to 56°C overnight. The precipitate was removed by centrif- 

35 ugation at 3,000 rpm for 1 0 minutes, and the supernatant was used as the solubilized B16-F1 0 antigen. This supernatant 
was added with the human serum albumin injection solution used in Example 1 to adjust the final albumin concentration 
to 2.5%. The procedures after the above treatment were the same as those for preparation of GM-CSF microspheres 
in Example 1, and thus soluble fixed tumor microspheres were prepared. The resultant was diluted so that the amount 
of tumor antigen, contained in the microspheres which were suspended in 80 u. I of physiological saline, finally corre- 

40 sponded to 1 0 7 tumor cells. The resultant was mixed with 20 u- 1 of the GM-CSF microspheres prepared by the same 
manner as in Example 1 to give a tumor vaccine preparation. 

2. Determination of antitumor effect by in vivo sensitization and tumor cell challenge 

45 [0054] Male C57BL/6 mice of 6 to 8 weeks old (10 mice a group) which were syngeneic to B16-F10 cells were 
anesthetized with ether, and the tumor vaccine preparation was subcutaneously injected to the thigh in an amount of 
100 \l I per mouse. The control group was injected with the same amount of PBS. When the administration of the tumor 
vaccine was repeated, the administration in the same amount was repeated every other week. Two weeks after the 
initial administration of the tumor vaccine, 1 0 5 cultured live B1 6-F1 0 cells suspended were subcutaneously injected to 

so the abdomen. The antitumor effect was calculated as a percentage of remaining tumor-free mice. 

[Results] 

[0055] Fig. 2 shows the result of the in vivo sensitization experiment As compared to the control group, the remaining 
55 tumor-free mice in the groups administered with the tumor vaccine preparation exhibited apparently higher percent- 
ages. 

Particularly in the group administered with the tumor vaccine preparation 3 times, half of the mice still maintained the 
tumor-free condition over 90 days of the observation period. These results suggest that the CTL against B1 6-F1 0 cells 
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was induced by the tumor vaccine administration in vivo, and therefore, live B16-F10 cells injected afterward were 
killed and the cells did not live and grow in the half of the mice. In addition, these results suggest that the tumor vaccine 
therapy which successfully prevents recurrence of a tumor can be established by preparing a tumor vaccine preparation 
using an isolated tumor cells after an extirpation operation of the tumor. 

5 

Example 5: CTL inducing effect of tumor vaccine preparation prepared from solubilized fixed-tumor cells 
[Methods] 

10 [0056] Used were male C57BL/6 mice administered with the tumor vaccine preparation in the same manner as in 
Example 4, mice of the control group, and mice as another control group administered with a mixture of 107 live B1 6-F10 
cells irradiated beforehand by 50 Gy of X-ray and 20 n I of the GM-CSF microspheres as the control tumor vaccine 
preparation in place of the group administered once with the tumor vaccine preparation in Example 4. The spleen and 
inguinal lymph node were isolated from these mice and the tissues were lightly crushed to obtain lymphocytes. These 

is lymphocytes were proliferated by culturing for 7 days in the RPMI-1640 medium containing 10% fetal bovine serum 
added with human 1L-1 p (167 U/ml), human IL-2 (67 lU/ml) and hij|ian IL-6 (134 U/ml) (all from Immunex). This 
experiment system is different from the system according to Example 3 in that no stimulation by the fixed B16-F1 0-celIs 
was applied during the culturing period. The system ensures no possibility of CTL induction during the culturing period 
and it can be expected that CTL proliferates in vitro in the number proportional to that of the CTL induced in vivo. The 

20 cell killing activity of the cultured lymphocytes was measured by the 4 hour Cr-51 release method widely known as a 
standard measuring method using live B16-F10 cells without irradiation as the target cells. 

[Results] 

25 [0057] The cell killing activity was investigated by varying the ratio of the cultured lymphocytes and the target tumor 
cells (E/T ratio). The results are shown In Fig. 3. In the group treated with the lymphocytes derived from the mice, 
which were administered with the tumor vaccine preparation in vivo in the same manner as in Example 4, the ratio of 
the killed target B16-F1 0 cells was apparently high. The tumor cell killing activity of the lymphocytes was almost equal 
to the cell killing activity of the lymphocytes derived from another control group (mice administered with the control 

30 tumor vaccine preparation) according to the conventional manner which was known to successfully induce CTL. These 
results suggest that CTL against B1 6-F1 0 cells is induced in mice in vivo. In addition, from these results, it is suggested 
that CTL has a potent tumor cell killing ability, and thus if once CTL is induced, CTL can kill existing tumor cells even 
in vivo. Accordingly, inhibition of tumor metastasis and cure of a tumor can be expected. 

35 Example 6: CTL inducing effect of the tumor vaccine prepared from solubilized fixed-tumor cells - using HA-20 cells 

[0058] The experiment was conducted to verify that CTLs which can be induced according to the present invention 
are not solely limited to the CTL against tumor B16-F10 ceils used as an antigen. 

40 [Methods] 

[0059] HA-A20 cells are a B cell lymphoma cell strain derived from Balb/c mice. GM-CSF-HA-A20 cells obtained by 
altering the HA-A20 cells by genetic engineering are a stable cell strain introduced with expression vectors for two 
genes of influenza-hemagglutinin and mouse GM-CSF, and have been used as a research material as a classical GM- 

45 CSF generative live-cell type tumor vaccine (Levitsky, H.I.. et al., J. Immunol., 156, pp.3858-3865, 1996). A tumor 
vaccine preparation mixed with 20 u. I of the GM-CSF microspheres was prepared by using wild type HA-A20 cells in 
place of the B16-F10 cells in the same manner as in Example 4, and used for sensitization of Balb/c mice. For the 
experiment, prepared were the PBS administration group, the group administered with live 10 7 HA-A20 cells irradiated 
beforehand with 50 Gy of X-ray, the group administered with a tumor vaccine preparation without mixing the GM-CSF 

50 microspheres, and the group administered with live 1 0 7 GM-CSF-HA-A20 cells irradiated beforehand with 50 Gy of X- 
ray as the control groups. 

[0060] Sensitization of Balb/c mice was carried out by a single administration as in Example 4. Then, the CTL activity 
against HA-A20 cells was measured in the same manner as in Example 5 using wild type HA-A20 cells in place of the 
B16-F10 cells. In addition, an experiment was carried out separately in which a monoclonal antibody against mouse 
55 CD8 known as a cell surface antigen of typical CTL (Sigma, Product No. F7525, 5 u, g) was added to each well of a 
96 well plate when measurement was conducted by the 4 hour Cr-51 release method widely known as a standard 
measuring method. 



11 




EP1 159 967 A1 

[Results] 

[0061] As shown in Fig. 4, almost no cell killing activity was observed in the group administered with PBS, the group 
administered with live HA-A20 cells irradiated beforehand with 50 Gy of X-ray, and the group treated with the tumor 

s vaccine preparation without mixing the GM-CSF microspheres among the control groups. Whilst, in the group admin- 
istered with the tumor vaccine preparation mixed with 20 \i I of the GM-CSF microspheres, apparent killing activity 
against the target wild type HA-A20 cells was observed, and the potency was almost equal to that in the group admin- 
istered with live GM-CSF-HA-A20 cells irradiated beforehand with 50 Gy of X-ray which were known as a classical 
GM-CSF generative Ijve-cJTJype tumor vaccine. Moreover, when a monoclonal antibody against mouse CD8 was 

10 added at the E/T ratio of 64, the cell killing activity was apparently inhibited as shown in Fig. 5. These results suggest 
that most of the cell killing activity is attributed to CD8 positive lymphocytes, that is a lymphocyte group containing 
typical CTL. 

Example 7: In vivo antitumor effect of microparticulate tumor antigens from the fixed tumor tissues prepared in Example 

15 2 

[Method] ^ 

[0062] The same experiment as in Table 1 of Example 1 was carried out except that 10 I in packed volume of the 
20 microparticulate tumor antigens prepared in Example 2 were used instead of the 1 .25 x 1 0 6 fixed tumor cells used in 
Example 1 to determine the in vivo antitumor effect. When the cultured live Hepa 1-6 cells were challenged, 2 x 10 7 
cells were subcutaneously injected into the left thigh in place that 1 0 7 cells were directly injected into the liver in Example 
1, and the growth rates of tumor tissues were measured exo vivo. The tumor size was expressed as the area of the 
subcutaneous tumor according to the conventional way in the research filed instead of the volume. A group was also 
25 prepared in the above experiment by using 20 u. I of commercially available tuberculin (Nippon BCG Production Co.) 
as an adjuvant instead of 20 u. I of Titer Max Gold. 

[Results] 

30 [0063] As shown in Table 4, the control group formed tumors in all the six mice subjected to the live Hepa 1-6 cell 
challenge for 3 weeks. However, among the treated groups, in the groups corresponding to Group (B) in Table 1 of 
Example 1, in which the microparticulate tumor antigens were used instead of the fixed tumor cells, the tumor was 
formed only in 3 of the 6 mice and the antitumor effect was observed in 3 mice (50%). In the microparticulate tumor 
antigen group in which the adjuvant was replaced with tuberculin, only one mouse formed tumors and the antitumor 

35 effect increased to 83%. 

[0064] From these results, it was concluded that, as the tumor vaccine to suppress the cancer tissue formation, the 
combination of the microparticulate tumor antigens prepared from fixed tumor tissues, IL-2 microspheres, GM-CSF 
microspheres, and Titer Max Gold or tuberculin as an adjuvant was also effective to successfully exhibit antitumor effect. 

40 Table 4 



Sensitization 


Ratio of tumor-free mice 


Tumor size (mm 2 ) 






(Mean ± 
SD) 


Range 


Control group 








(A) PBS 


0/6 


164±76 


81-256 


Treated group 








(B) Microparticulate tumor antigen from fixed tumor tissues + 
IL-2/GM-CSF microspheres + Titer Max Gold 

(C) Microparticulate tumor antigen from fixed tumor tissues + 
IL-2/GM-CSF microspheres + tuberculin 


3/6 
5/6 


70±80 
8.2±20 


0-180 
0-49 



55 Industrial Applicability 

[0065] The tumor vaccine of the present invention can be easily prepared and widely applied for prevention of re- 
currence, inhibition of metastasis and therapeutic treatment regardless of a type of a tumor. In addition, the vaccine 
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has superior antitumor effect. 
Claims 

5 

1 . A tumor vaccine which comprises a microparticle prepared from a solidified tumor material selected from the group 
consisting of a tumor tissue, a tumor cell, and a component thereof, and at least one cytokine and/or cytokine- 
inducing agent. 

10 2. A tumor vaccine which comprises a lysate prepared from a solidified tumor material selected from the group con- 
sisting of a tumor tissue, a tumor cell, and a component thereof, and at least one cytokine and/or cytokine-inducing 
agent. 
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3. The tumor vaccine according to claim 1 or claim 2, which further comprises an adjuvant. 

4. The tumor vaccine according to any one of claims 1 to 3, which conprises a cytokine-controlled release preparation 
as the cytokine. 

5. The tumor vaccine according to any one of claims 1 to 4, which comprises a granulocyte-macrophage-colony 
20 stimulating factor and/or interleukin-2 as the cytokine. 

6. A tumor vaccine for use in combination with at least one cytokine, which comprises as an active ingredient a 
microparticle prepared from a solidified tumor material selected from the group consisting of a tumor tissue, a 
tumor cell, and a component thereof, or a lysate prepared from said tumor material. 

25 
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Fig.l 




E/T ratio 
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Fig.2 
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